We studied the begging display of nestling cuckoos, Cuculus canorus, reared by reed warbler, Acrocephalus scirpaceus, hosts, to test various hypotheses for the cuckoo's unusually rapid begging call. The hypotheses are not mutually exclusive but focus on different parts of the chain: chick need-begging signalsprovisioning by hosts. We reject two hypotheses. (1) Cuckoo chicks do not use their exaggerated begging to counteract host rejection: begging displays varied with hunger and functioned entirely to solicit food.
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(2) Cuckoos also do not exaggerate their begging calls simply because they need more food than a host brood. Single cuckoos grew at a similar rate to a brood of four reed warblers, and more slowly than a blackbird, Turdus merula, chick (a nonparasitic chick of similar size). Our data support two other hypotheses. (3) To elicit sufficient care in reed warbler nests, the cuckoo must exaggerate the vocal component of its display to compensate for its deficient visual signal (a single gape) compared with a host brood. Thus rapid calling reflects the way the cuckoo exploits the provisioning rules that hosts use to feed their own young. (4) In theory, cuckoos should be more selfish than host young because their greed is unconstrained by kinship. Our data are equivocal; compared with host broods, cuckoos solicited a higher provisioning rate in relation to one measure of need but not for another. We discuss whether cuckoos are likely to have gens-specific begging displays.
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Common cuckoos, Cuculus canorus, parasitize the parental care of reed warblers, Acrocephalus scirpaceus, and other passerine species, laying a single egg in a host nest. Shortly after hatching, the cuckoo nestling evicts the host young, and any unhatched eggs, and so is reared alone. The cuckoo then elicits care from its hosts with an extraordinary begging display; it presents a bright orange gape and utters a rapid call which sounds like several chicks (Davies et al. 1998) . By comparison, each reed warbler nestling displays a smaller yellow gape and calls at a much slower rate (Kilner et al. 1999) .
The solicitation signals of young in the nest have been hypothesized to carry information about their fitness needs (Godfray 1991 (Godfray , 1995 . Unable to assess the needs of their young directly, parents rely on such signals to determine the level of investment in each offspring. Provided the signals are sufficiently costly (but see Bergstrom & Lachmann 1998), parent-offspring conflict is resolved because a signalling equilibrium results, at which parents provision young in exact relation to their needs (Godfray 1991 (Godfray , 1995 but see Johnstone 1996) . The link between offspring needs and the provision of investment is thus mediated by the intensity of the begging display (see also Harper 1986; Fig. 1 ).
Our previous experiments provide some support for this idea. We have shown that the intensity of reed warbler nestling begging displays increases with both the extent of food deprivation and the amount of food the nestlings require to be satiated. Furthermore, we have found that reed warbler parents integrate visual and vocal signals from their own young when deciding how frequently to bring food to the nest, and they follow the same integration rule when feeding a cuckoo nestling. The key visual stimulus is the total area of gape displayed by the brood. The key vocal stimulus is the brood's begging call rate (Kilner et al. 1999 ). Other components of the begging display, such as gape colour (Noble et al., in press) and call loudness (Davies et al. 1998) appear to have no separate influence on provisioning rates.
The cuckoo nestling is fed with the same food and at about the same rate as a brood of four reed warblers, the modal brood size for this host (Brooke & Davies 1989; Grim & Honza 1997) . However, to elicit adequate care the cuckoo has a signalling problem; its single gape cannot match the gape area of a whole brood of host chicks and this component of its begging display becomes increasingly deficient as it gets older. Our calculations reveal that the increase in the cuckoo's calling rate with age is what
